This study focuses on the analysis of flood susceptibility and resultant zonation for risk management using frequency ratio model in District Charsadda, Pakistan. To achieve the study objectives, a reconnaissance survey was conducted, and frequent flood inundated areas were identified in the study area by interpretation of Landsat 7 image together with the intensive field survey, a total of 161 flooded locations were demarcated at different part of the district with handheld GPS. As a result, an inventory of spatial database of past flood inundation was generated and role of all the influencing factors for detecting the extent of flood susceptibility. During flood susceptibility analysis, ten conditioning parameters including: elevation, slope, aspect, curvature, plan curvature, profile curvature, proximity to roads, proximity to streams, proximity to river and land use/land cover were selected. A correlation between conditioning factors and flood was calculated using frequency ratio method. Consequently, the summation of frequency ratio values was taken for all the parameters for development of flood susceptibility index. The flood susceptibility index was then classified into five zones of very low (27.64%), low (39.88%), moderately susceptible (22.25%), high susceptible (7.78%), very high (2.46%). So, for the likelihood of the model was determined using success rate curve method, area under curve acquired for the model was 0.9226. The flood susceptibility zones could be used for flood risk management and land use planning for minimizing the potential risk in the floodplain of rivers flowing through the study area.
Introduction
Floods are the most common and destructive natural disaster which has the effect on a very large area (Dilley, 2005) .It is estimated that 1/3 of the world's land is prone to flood which affect 82% of population. More than 90 countries in the world are vulnerable to disastrous flood and world widely more than 170,000 people died due to recurrent floods from 1980 -2000 (UNDP, 2004 . These figures are alarming and evident that flood is a global problem and need proper flood management. Prolonged heavy rainfall, melting of snow, climate change, blockage of drainages, and population increase especially in urban areas are the major triggering factors of flood disaster (Adeoye et al., 2009 ). In Pakistan monsoon rainfall is major cause of summer floods occur; in addition, the historical 2010's flood in Pakistan was the most terrible in sense of intense and prolonged rainfall, heavy flood discharge, and extent of affected people and their damaged properties (Atta-ur-Rahman and Khan, 2013) . Abnormal rainfall was recorded by almost all the metrological stations in the country and the main cause behind this disastrous flooding was the consecutive rainfall for four days (27-30 July) (A. N. . Khyber Pakhtunkhwa province was the worst affected in 2010 flood. District Charsadda is one of the Districts in province of Khyber Pakhtunkhwa which is prone to riverine and flashflood due to the banks of Kabul and Swat river. Around DOI: 10.30897/ijegeo.
200-280 mm rainfall was recorded in District
Charsadda, Peshawar, and Nowshera. As a result River Swat and River Kabul were remained in high to very high flood stage (300,000 Cusec) and (221,000 Cusec) respectively (Ahmad et al., 2011; Brivio et al., 2002; . Flashflood in District is associated with the capability of rivers due to that flood occurs within few hours of heavy rainfall (A. N. . So, it is necessary to have flood susceptibility map for the prone areas. GIS techniques used to map the flooded area and reduce the flood damages in future (Duan et al., 2009 ). These maps can be used for flood monitoring, emergency management and rapid response (Azaz, 2010) . In 20th century GIS is getting advance very rapidly so, one can use GIS techniques to assess the flood damaged areas (Uddin and Shrestha, 2011) . Remote sensing techniques are actively participating to identify the locations of flooded areas, Landsat 7 image used and flood location were demarcated in the study area (Uddin et al., 2013; Uddin and Shrestha, 2011) . Flood and the associated damages can be monitor by remotely sensed images for emergency response and relief work (Forkuo, 2008) . The range and application of geoinformatics has been increased due to its capability to integrate the spatio-statistical techniques and has potential to handle large datasets. In this study GIS based frequency ratio method has been used which is an empirical quantitative approach, which provide the relationship between flood locations and its triggering factors (M. J. Lee et al., 2012; S. Lee and Pradhan, 2007; Algan et al., 1999; Kaya and Gazioğlu, 2015; Rahmati et al., 2016; Yalcin et al., 2011) . District Charsadda stretches between 34°2'42" to 34°27'24" North Latitude and 71°29'10" to 71°56'7" East Longitude (Fig.   1 ). District Charsadda is located at a distance of 30 Km from provincial capital Peshawar. Total area of the District is 996 Km2. According to the 2017 census population, the District population is 1,616,198 (PBS, 2017) . District is divided into three tehsils i.e. Charsadda, Tangi, and Shabqadar. The people of district enjoy all the four seasons in a year i.e. summer, winter, spring, and autumn (S. . Annual rainfall in District varies from 400-600 mm received from two different spells of rainfall in a year; winter rainfall is due to the western disturbance, and summer rainfall is due to southwestern monsoon current. Two main rivers flowing in District i.e. Kabul and River Swat. River Kabul enter from wester side of the District and flow along the southern side of District's boundary. The Swat river is main tributary of the River Kabul and enter the District near Abazai village and flow to Kabul river in south-eastern direction till it join River Kabul (Farish et al., 2017; .
Materials and Methods
The study utilized geospatial based methodology for flood susceptibility mapping. To analyze the hazardous area, GIS-based frequency ratio method has been used to analyze the prone area. Frequency ratio model was tested for District Charsadda, detailed and reconnaissance survey was conducted to have strong knowledge of flood conditioning factors which frequently trigger flood in study area. More the accurate conditioning factors will lead to more accurate flood susceptibility zonation.
This study is conducted to use the frequency ratio model for flood susceptibility zonation. Delineating flooded area is a most crucial part whenever dealing with flood susceptibility mapping. LANDSAT scenes are the priority of the researchers to get the information about flood. Flooded area can be extracted by classifying the water, non-water and flooded area using band 7 and band 5 of LANDSAT ETM. Foremost, the flood locations were demarcated from interpretation of moderate resolution satellite image (Landsat 7) with spatial resolution of 15m pan-sharpen, total of 161 flood location were pinpoint at scale of 1:15000 with band array of 4,5,1 and 7,5,3 because flooded areas can be distinguish easily as compared to other land features; however, band combination of 3,2,1 (natural color composite) is very difficult to differentiate shallow water from soil as band combination of 7,5,3 can do (Mwaniki et al., 2015) .
However, it is necessary to validate it with the field because remote sensing technology has some errors due to the spatial resolution, clouds, and dense vegetation (Lin et al., 2006 ). That's why the flood locations were validated with a reconnaissance field survey along with handheld GPS. The factors contributing to flood susceptibility are: slope, elevation, aspect, curvature, profile and plan curvature, proximity to road, streams, and rivers, and land use/ land cover were selected as effective factors.
The data used in this study was acquired from different government line departments, community, and non-government organizations. ASTER GDEM with 30m spatial resolution was downloaded from (Earth Explorer) website. DEM are the primary source to, model, analyze and display the information about topographic attributes. i.e. elevation, slope, aspect, curvature, profile and plan curvature (Forkuo, 2008; McDougall et al., 2008) . DEM incorporated with GIS software can help a lot in flood analysis i.e. flood height relationship with flood affected area by using ground surface height of DEM (UMITSU et al., 2006) . Curvature act as a morphology of topography. Positive curvature represent that the slope gradient is convex in upward direction; however, negative curvature indicate that the slope gradient is concave upwardly, and slope gradient will be flat if the value is zero (Ayalew and Yamagishi, 2005; Greco et al., 2007) . Road network data was acquired from communication and work department Peshawar. Road cuts are anthropogenic factor that could be used for emergency response to be affected communities during floods. It's essential to have a better road network in all weathers. Road parameter get lots of attention in recent times and considered as an effective nonstructural prerequisite for flood hazard management (Sanyal and Lu, 2006) . Administrative boundary of District Charsadda, streams, and river were extracted from toposheet 1: 50,000 acquired from survey of Pakistan (SOP). All the thematic layers and flood inventory were generated in ArcGIS 10.1 environment. It is assumed that the factors which were influencing flood in past would be same to trigger in future.
There are many reasons behind recurrent flooding in District Charsadda including heavy rainfall, climate change, human interventions in flood plain areas. Intense rainfall occur (July 27-30,2010 ) and due to that river channel exceed from its capacity and fail to accommodate plenty of discharge water (A. N. . In 2010, District was worst effected due to the disastrous flood. The study area faces flood every 3 to 4 years, in 1929 4 years, in , 1999 4 years, in , 2003 4 years, in , 2005 4 years, in , 2007 4 years, in , and 2010 4 years, in (A. N. Khan et al., 2013 ).
The graph above illustrates that highest discharge was recorded in 1929 and due to that flood occurs in district, there is irregular trend is shown until 1990 and a dramatic increase is shown in 2010 with a discharge of 300000 Cusec which affect the vast area with loss of lives and major damages to roads, bridges, communication system, and houses (Fig 2) .
Frequeny Ratio Method
Following our assumption spatial relationship between flood locations and the parameters participating in flood susceptibility were analyzed using frequency ratio method. This method is widely used for landslide susceptibility assessment (Balamurugan et al., 2016; Intarawichian and Dasananda, 2011; S. Lee and Pradhan, 2007; Yalcin et al., 2011) and rarely found for flood susceptibility mapping (M. J. Lee et al., 2012; Rahmati et al., 2016; Tehrany et al., 2015) . That's why this study is conducted, using frequency ratio method for flood susceptibility mapping. To prepare flood susceptibility map, frequency ratio method was employed using GIS techniques. It is based on connection between flood locations and its related factors to reveal the correlation between them in the study area.
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Peak Discharge (Table 1) (Akgün and Bulut, 2007; Intarawichian and Dasananda, 2011) .
Here, 'F' is the number of pixels contain flood in each parameter sub-classes, 'TF" represent the total number of pixel in the study area. However, on the other side 'PC' is showing the number of pixels in each parameter sub-classes, and 'SP' presenting total number of pixels in the study area (Rahmati et al., 2016; Yalcin et al., 2011) .
Where, 'FSI' is flood susceptibility index and 'FR' is frequency ratio of each factor type were summed up (Equation.
2). Later on, flood susceptibility index map was normalized and divided into five zones from very low to very high susceptibility zones (Intarawichian and Dasananda, 2011; Yalcin et al., 2011) .
∑FR

Eq. 2
According to the frequency ratio method, the value of 1 is considered as an average, if the value is greater than 1 means higher correlation between flood occurrence and concerned factor and vice versa (Akgün and Bulut, 2007) . 
Results and Discussion
District Charsadda has been analyzed with its ten conditioning factors to correlate them with flood inventory using frequency ratio model employed with geospatial technique. Each of the factors has been analyzed using frequency ratio method to expose the susceptibility zones. Frequency ratio method used to calculate frequency ratio (FR) values using (Equation.1) for all sub-factors in all conditioning parameters based on their relationships with flood inventory. Analysis reveal that flood is abundantly occurring on elevation of 274-317m with FR value (1.63), it was observed that flood cannot happen in high altitude of the study area.
Relationship between flood inventory and slope gradient expose that 0-0.55⁰ and 0.56⁰-1.39⁰ have the highest possibility of flood occurrence with FR value of 1.00 and 1.06 respectively and FR value decreased as the slope angle increase, it means that chances of flood decrease with an increase in slope angle. As far as slope aspect is concerned, flood is abundant on Flat (1.30), North (1.45), Northeast (1.24) and South facing slope (1.18). Convex slope of curvature, and plan curvature have the highest probability of flood occurrences with FR values 1.15 and 1.10 respectively. On the contrary, profile curvature has the highest probability of flood occurrence on concave and flat slope with FR value of 1.16 and 1.06 respectively. Among land use/land cover classes highest frequency ratio observed for the shrubs and bushes, rangeland, and water bodies 1.82, 2.20, and 3.81 respectively. Distance from river ranges 0 up to 400m showed highest values of frequency ratio (1.89), analysis is evident that flood occur near the bank of river and very rare far from the river. The relationship between flood and road proximity ranges between 1.20-3.30 with distance of 100-500m. Relationship between streams and flood showed that there is high probability of flood occurrences with frequency ratio values 1.10-4.60 at distance range from 400->1000m.
Frequency ratio method was implemented for flood susceptibility index (FSI) from which flood susceptibility map was prepared. All the conditioning factors were converted into raster format with 30 X 30m grid size and their frequency ratio values were calculated using (Equation.1). Summation of all the frequency ratio values were taken using (Equation.
2) and eventually, got the flood susceptibility index, higher FSI values shows the higher probability to flood and vice versa.
To evaluate the impact of each factor in final susceptibility index; the statistical relationship shown in (Table 1 ). The flood susceptibility map (Fig. 6) produced by using ten conditioning parameters and were divided into five susceptibility zones with natural break classification method i.e. very low (19.09%), low (20.54%), moderate (19.91%), high (34.99%) and very high (5.45%). (Rahmati et al., 2016) reveal that bivariate statistical tools are useful for flood susceptibility assessment and flood mitigation. The main advantage of frequency ratio method is conceiving the impact of subfactors of every conditioning parameter (Tehrany et al., 2014) ;though, the drawback of frequency ratio method that it ignore the relationship among independent variables (M. J. Lee et al., 2012) . (Rahmati et al., 2016) applied frequency ratio method and weight of evidence for flood susceptibility assessment in Golastan province of Iran.
Results revealed that FR method has high forecasting accuracy as compared to weight of evidence. (M. J. Lee et al., 2012) used frequency ratio method for flood susceptibility assessment in Busan, South Korea and prediction accuracy found 91.5%. However, (Balamurugan et al., 2016) used frequency ratio and fuzzy gamma operator model for landslide susceptibility assessment for Manipur, India and their results showed that the area under curve for frequency ratio and fuzzy gamma model was 80.56% and 91.5% respectively. 
Validation using area under curve method
Validation of the model should be examined to show how well the model performed because it does not matter which method has been used, it is very important to verify the results (Chung and Fabbri, 2003) . For prediction accuracy, the model was validated by comparing the flood hazard map with flood data (Validation flood locations). Results were examined using success rate curve method (Pourghasemi et al., 2012; Rahman et al., 2017) . From total 161 flood locations 70% (112) were used for analysis of the model and 30% (49) were used in validation of the model. Success rate curve was calculated for accuracy assessment. FSI values were divided into 100 equal classes and sorted in descending order with high to low susceptible. The flood validation dataset overlaid on it and the area under effected flood locations falls in susceptible class was calculated using zonal statistics tool in ArcGIS. Eventually, cumulative percentage was calculated and success rate curve was plotted. Final flood hazard map was validated using success rate curve and the area under curve was found 92.26%. area under curve validated the satisfactory results for flood susceptibility (Rahman et al., 2017) .
Fig 7: Validation of flood susceptibility
Conclusion
Flood hazard is the destructive and frequently occurring phenomena in the study area and cause heavy damages to human lives and economy. Frequency ratio method is very quick and easy to apply. Frequency ratio method employed with geospatial techniques is used for its reliability towards flood susceptibility assessment and results with accuracy of 92.26% reveal that method is reliable and can be used for flood susceptibility assessment. This study used 30m ASTER DEM along with ancillary data i.e. land use/land cover, hydrological data (Rivers, stream) and anthropogenic data (roads) for flood susceptibility mapping. Furthermore, it proposes that statistical techniques employed with geospatial techniques can effectively assess flood susceptibility. The drastic 2010 flood in Charsadda trigger due to heavy monsoon rainfall. Dramatically, geospatial technology is in the market due to its vast applicable areas i.e. disaster management, agriculture monitoring, damage assessment, spatial planning, and urban planning. According to this research, it exposed that there is very high flood susceptibility zone around the banks of river and around stream on the western and south-western side of study. Flood is the natural process that cannot be completely ended but damages can be minimizing by proper management and planning.
Frequency ratio method can show us more authentic results by using high resolution satellite image and to demarcate more flood effected areas. There should be more meteorological stations in the study area for reporting, measuring rainfall, discharge data, and flood forecasting. Spatial data should be made and easily available to all. These maps Validation of model AUC = 92.26% are useful for land use planning and mitigation strategies for future to reduce the damages. These maps can prove their usefulness for planners and engineers in terms of implementation of necessary actions for developments by considering the highly susceptible areas. By field visits it was observed that people built their houses in flood prone areas. Indeed, it is suggested that houses should be built in safer places and housing structures (mud to concrete) should also be change and properly assist by engineers and planers that can reduce the vulnerability of community towards flood susceptibility. Flood forecasting and warning centers should be installed in the study area.
